Introduction {#sec1}
============

Amblyopia is a visual impairment that is characterized by a unilateral or bilateral reduction of visual acuity without an organic cause.[@bib1], [@bib2], [@bib3] With a prevalence of up to 3.5%, amblyopia is the most common cause of childhood vision loss[@bib4], [@bib5], [@bib6], [@bib7], [@bib8] that occurs in up to two-thirds of anisometropic and strabismic patients.[@bib9], [@bib10], [@bib11] Anisometropia is defined as the difference of refractive power between the two eyes, frequently caused by a difference in axial length (AL).[@bib12]

Early diagnosis and timely treatment of anisometropic amblyopia are crucial in the successful treatment of this condition.[@bib13], [@bib14], [@bib15], [@bib16] Treatment of amblyopic anisometropia usually involves correcting the refractive errors and covering the non-amblyopic eye using a patch, i.e., occlusion therapy.[@bib1], [@bib6], [@bib11], [@bib16], [@bib17] Although there is no consensus about the daily length of occlusion time that can result in the best treatment outcomes, some studies have shown that the daily duration of patching is an important factor in successful treatment of amblyopia in children.[@bib11], [@bib18] While some studies suggest full-time occlusion therapy, others have documented improved success with part-time occlusion.[@bib1], [@bib11], [@bib19], [@bib20]

Hypermetropic anisometropia is a major risk factor of amblyopia.[@bib5], [@bib8], [@bib9], [@bib21] The AL of the more hypermetropic eye is shorter than emmetropic or less hypermetropic eye.[@bib22] There are reports in the literature indicating that experimental intervention can lead to changes in ocular AL. Experimentally-induced visual deprivation can change the AL which is demonstrated in a study by suturing rabbit eyelids together.[@bib23] In another study, the role of early surgical treatment of congenital ptosis is highlighted for prevention of axial elongation.[@bib24]

According to findings of previous studies, it can be suggesting that children with anisohyperopic amblyopia, patching of the non-amblyopic eye during the critical or sensitive period, may affect the AL of the dominant (non-amblyopic) eye. Therefore, this study sets out to investigate the effect of full-time and part-time occlusion therapy on the AL of non-amblyopic in anisohyperopic amblyopia.

Methods {#sec2}
=======

This prospective cross-sectional study (descriptive-analytical) was performed at the School of Rehabilitation, Shahid Beheshti University of Medical Sciences and Najafzadeh Eye Clinic between April 2016 and July 2017. Sixty-five patients with anisohypermetropic amblyopia with no congenital anomalies, organic amblyopia, strabismus, and visual deprivation amblyopia who received their first treatment for amblyopia at the mean age of 4.90 ± 0.80 years old were selected as the sample size. The study was performed in accordance with the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of Shahid Beheshti University of Medical Sciences.

Amblyopia was defined as having one eye with the best corrected distance visual acuity (BCDVA) of 20/30 or worse resulting from hyperopic anisometropia and a difference of two or more lines in visual acuity between the two eyes. Bilateral ocular AL measurements were performed for all patients using a Lenstar LS 900 (HaagStreit AG Switzerland) at the last session of amblyopia therapy. Visual acuity was recorded in logMAR system. Strabismus was assessed using cover--uncover test and alternate cover tests. Refractive errors were measured on a Nidek ARK-710A auto kerato-refractometer (Nidek Co. Ltd, Gamagori, Japan) and a HEINE BETA 200 retinoscope (HEINE Optotechnic, Hersching, Germany). All participants underwent cyclorefraction by administering cyclopentolate 1% (two drops, 5 min apart followed by refraction 30 min after the last drop).

Hypermetropia was defined as a cycloplegic refractive error greater than or equal to 1.00 diopter (D), and anisometropia was defined when hyperopic refractive error difference between the eyes was more than or equal to 1.00 D in cycloplegic refraction.

The treatment protocol has been reported previously.[@bib6], [@bib11], [@bib16], [@bib17] During the first stage of treatment, all amblyopic subjects were dispensed with refractive correction in the form of spectacles. Occlusion therapy was not attempted at this stage. The first follow-up session was held one month after the initial eye examination. Children were re-assessed for amblyopia and prescribed with new pair of glasses when needed prior to commencing amblyopia therapy in the form of occlusion therapy. Follow-up visits were continued until amblyopia was completely resolved.

Treatment was provided as occlusion therapy of the non-amblyopic eyes for 4 h or less (part-time occlusion therapy, n = 42), occlusion therapy of the non-amblyopic eyes for 8 h or more (full-time occlusion therapy, n = 13), and refractive correction (spectacles, no occlusion therapy, n = 10). Occlusion therapy was accompanied by an hour of engagement in near vision tasks. Mean equivalent spherical refraction and BCDVA in logMAR system were recorded.

Statistical analysis was performed using SPSS version 22.0 software for Windows (IBM Inc, Armonk, New York, NY, USA). Data were tested for normality of distribution using the Shapiro-Wilk test. The one-way analysis of variance (ANOVA) test was used to examine the relationship between the three treatment groups (*P* \> 0.05 for homogeneity of variance among groups, and post-hoc multiple comparisons when *P* \< 0.05). The sensitivity of the tests was set at 95% (significance reached if *P* \< 0.05).

Results {#sec3}
=======

The mean age of 65 anisohyperopic amblyopia patients was 4.90 ± 0.80 years, and 40 (61.5%) of these patients were male. The mean length of treatment for amblyopia for all participants was 1.50 ± 0.80 years. Occlusion therapy in part-time and full-time occlusion therapy were continued for an average of 1.80 ± 0.23 years and 2.10 ± 1.50 years, respectively. All patients in non-patched group wore refractive correction four months before measuring AL.

The mean of BCDVA (in logMAR system) for amblyopic and non-amblyopic eyes were 0.40 ± 0.17 and 0.01 ± 0.01 before treatment, and 0.08 ± 0.07 and 0.05 ± 0.03 after treatment, respectively. The mean of BCDVA in the non-amblyopic eyes before and after treatment in part-time and full-time occlusion therapy groups did not have any significant difference (*P* = 0.766 and *P* = 0.053, respectively).

Mean spherical equivalent in amblyopic and non-amblyopic eyes were +3.58 ± 2.26 and +1.84 ± 0.97 D before treatment, and +3.21 ± 2.28 and +1.49 ± 0.99 D after treatment, respectively. The result of one-way ANOVA test showed that the mean of spherical equivalent in non-amblyopic eyes before treatment did not have any significant difference between the three groups (F = 0.452, df = 2, P = 0.639). Also, the mean spherical equivalent in non-amblyopic eyes after treatment did not have any significant difference between the three groups (F = 0.190, df = 2, *P* = 0.828). Details for spherical equivalent values (mean ± SD) for both eyes as differentiated by patching protocol groups (treatment) are presented in [Table 1](#tbl1){ref-type="table"}.Table 1Mean, standard deviation (SD), and range of spherical equivalent in different patching protocol after the treatment of amblyopia.Table 1Patching protocolNumberMinimumMaximumMean ± SD*P*-valueNo patchingNon-amblyopic eye10+0.87+3.75+1.66 ± 0.950.155Amblyopic eye10+0.50+3.75+1.94 ± 1.04Partial time patchingNon-amblyopic eye420.00+3.62+1.48 ± 0.88\>0.001Amblyopic eye42−0.37+5.00+2.50 ± 1.38Full time patchingNon-amblyopic eye13−0.50+3.75+1.40 ± 1.39\>0.001Amblyopic eye13+1.87+10.62+6.47 ± 2.41[^1]

The mean AL in amblyopic eyes was 22.11 ± 0.93 mm (range, 20.15--24.44 mm) and 22.68 ± 1.07 mm (range, 20.36--25.72 mm) in non-amblyopic eyes. The mean AL values in both eyes of different patching protocol groups are presented in [Table 2](#tbl2){ref-type="table"}.Table 2Mean, standard deviation (SD), and range of axial length (AL) in different patching protocol after the treatment of amblyopia.Table 2Patching protocolNumberMinimumMaximumMean ± SD*P*-valueNo patchingNon-amblyopic eye1020.6822.9322.07 ± 0.72*P* = 0.876Amblyopic eye1020.7222.9222.06 ± 0.70Partial time patchingNon-amblyopic eye4220.3624.2222.50 ± 0.76*P* \< 0.001Amblyopic eye4220.1524.4322.16 ± 0.82Full time patchingNon-amblyopic eye1321.5825.7223.77 ± 1.45*P* \< 0.001Amblyopic eye1320.1724.4421.99 ± 1.42[^2]

The one-way ANOVA test showed a significant difference in the mean AL between the three groups of non-amblyopic eyes (F = 11.833, df = 2, *P* \< 0.001). The results of the Scheffe post-hoc test showed that the mean AL of non-amblyopic eyes in the full-time patch therapy group was more than the two other groups (*P* \< 0.001) while there was no significant difference between the part-time and no patch therapy groups (*P* = 0.431). The results of the ANOVA test showed that there was no significant difference in the mean AL between the three groups of amblyopic eyes (F = 0.157, df = 2, *P* = 0.840). [Fig. 1](#fig1){ref-type="fig"} shows the box plot diagram for distribution of AL of amblyopic and non-amblyopic eyes, in 3 different groups of amblyopia treatment.Fig. 1Box plot diagram of distribution of axial length (AL) of both eyes in 3 different groups.Fig. 1

Discussion {#sec4}
==========

Amblyopia is inherently a binocular disorder caused by an imbalance between the two eyes and resulting in the abnormal development of the visual pathways that affect both the amblyopic and the non-amblyopic fellow eye.[@bib25] Anisohyperopic amblyopia is an important risk factor for amblyopia.[@bib5], [@bib6], [@bib7], [@bib8], [@bib9] The standard treatment for anisometropic amblyopia consists of correction of refractive errors and occlusion therapy.[@bib1], [@bib6], [@bib11], [@bib17] The effect of duration of occlusion therapy on the efficacy of amblyopia therapy has been discussed in the literature. Both full-time and part-time occlusion therapy have advocates.[@bib1], [@bib11], [@bib19], [@bib20]

After the prescription of refractive correction, occlusion therapy has been accepted as the second stage of the standard treatment for anisometropic amblyopia.[@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26] The general efficacy of part-time and full-time occlusion therapy according to the severity of amblyopia for best treatment outcomes has been established.[@bib11], [@bib25], [@bib27], [@bib28]

Current literature, to the best of authors' knowledge, does not provide any evidence about changes in AL following occlusion therapy. The results indicate that in individuals with anisohyperopic amblyopia, full-time occlusion therapy may induce elongation of AL in the occluded (non-amblyopic) eye, thereby leading to an increased discrepancy between the AL of the two eyes (aniso-AL). Our results also demonstrate a significant difference in the mean AL of non-amblyopic eyes between the three groups of amblyopia treatment. The mean AL in the full-time occlusion therapy group was greater than the part-time occlusion therapy and the non-patched group. Meanwhile, there was no difference in AL between the treatment groups for the AL of the amblyopic eyes. Hence, with an increase in the AL of the dominant non-amblyopic eye, and in the absence of AL change in the more hypermetropic eye (the amblyopic eye), an increase in the difference in AL between the two eyes may occur, leading to modified interocular interactions.[@bib29]

Interestingly, our findings in full-time occlusion therapy group suggest that despite the mean AL of the non-amblyopic eye after the treatment of amblyopia was longer than the amblyopic eye, no significant change was seen in the refractive error of the eye closed during occlusion therapy. This finding can be explained by the effect of different factors on the refractive status of human eye including AL, corneal refractive power, and position of the crystalline lens.[@bib24] It may be possible that the change in refractive power of the eye which is caused by the increase in AL, have been compensated by factors not investigated in this study.[@bib30] The unknown interaction of different factors on the final refractive power of eye can be evaluated in future studies.

Results of this study and previous studies suggest that visual deprivation may lead to an increase in AL of the non-amblyopic eye during amblyopia therapy. Moreover, the longer time of patching results in a greater probability of AL increase. These findings may provide additional insight into the underlying causes of poorer outcomes reported following full-time occlusion therapy.[@bib19] It has been established that visual deprivation can increase ocular AL. In a study by Hoyt et al., ptosis caused by third nerve palsy or eyelid hemangiomas resulted in axial elongation in infants.[@bib24] Verolino et al. demonstrated on a rabbit model that the AL increased when eyelids were sutured together.[@bib23]

One of the main limitations of this study was measuring AL only after treatment of amblyopia, and the other one was a small sample size of the treatment group without occlusion therapy. This study was a pilot study with strong limitations that suggested further studies in this subject.

It can be suggested that other methods such as pharmacological and optical penalization or the active methods of vision therapies be tried rather than full-time occlusion therapy. These new trends may prevent the non-amblyopic eye from visual deprivation resulting from excessive occlusion therapy. The results of this study can be further verified through measurement of AL before and after occlusion therapy.
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[^1]: SD: Standard deviation.

[^2]: SD: Standard deviation.
